In the past 10-15 years the application of pyrethroids as insecticide and antiparasitary preparations has very markedly increased. Thus, pyrethroids are successively replacing organophosphate pesticides. The main advantage of pyrethroids is their photostability, high effectiveness already in low concentrations, easy disintegration and low toxicity to birds and mammals (Bradbury and Coast 1989a; Maud et al. 1998; Gangolli et al. 1999) . Fish are extremely susceptible to these substances. The 96hLC50 value, determined in laboratory tests, generally lies below 10 µg.l -1 (Bradbury and Coast 1989b) .
However, the situation under natural conditions is considerably different from artificially controlled constant conditions in the course of laboratory tests. An important factor is the rapid absorption of the pyrethroid by plants, sediments and organic material, markedly decreasing their accessibility and thus also the risk for aquatic organisms. Natural studies have demonstrated that the negative effect of pyrethroids on fish under natural conditions is improbable, provided that all safety measures indicated by the producer are maintained (Hill et al. 1994; Maud et al. 1998) . However, it is quite real if they are not maintained, as shown by the case of fish mortality in Lake Balaton in 1995, caused by fish poisoning with a deltamethrin-based preparation (N e m csok et al. 1999 ).
In fish cultures, pyrethroids are applied to control some parasitic diseases caused by, e.g., Lepeophtherius salmonis in farm cultures of salmonids (Braidwood and Hart 1998; Toovey and Lyndon 2000; Roth 2000; Martinsen et al. 2001; Sevatdal and Horsberg 2001) .
Deltamethrin is a widely used pesticide based on pyrethroids. It is among the most effective pyrethroid preparations (B radbury and Coats 1989b) . The mechanism of its effectiveness in the case of fishes is the same as that of other pyrethroids containing -cyano-3-phenoxybenzyl groups. They block the sodium channels of nerve filaments, thereby lengthening their depolarisation phase; moreover, they affect the GABA receptors in the nerve filaments (Hayes 1994; Bradbury and Coats 1989ab) . The acute toxicity of deltamethrin is different for different fish species (Haug and Hofman 1990, Golow and Godzi 1994; Srivastava et al. 1997) , varying between 0.5 and 1.8 µg.l -1 (Gangolli et al. 1999) . No data on haematological changes in fish caused by deltamethrin have been found in the available literature.
The assessment of the ecotoxicological risks caused by pesticides to ecosystems are based on data on the toxicity and effects of pesticide preparations to non-target organisms. Fish are among the group of non-target aquatic organisms. The present paper is a contribution to the assessment of toxicity and effects of a deltamethrin-based pesticide to fish.
Materials and Methods
The goal was to assess the effect of deltamethrin [(S)-a-cyano-3-phenoxybenzyl (1R,3R)-3-(2,2-dibromvinyl)-2,2-dimethylcyclo-propancarboxylate] on fish. It was tested in the form of Decis flow 2.5 pesticide, the active substance of which is deltamethrin in the amount of 25 g.l -1 . The toxic effect was assessed by the results of acute toxicity tests and results of haematological examination of common carp after exposure to this pesticide.
The acute toxicity test on common carp with Decis flow 2.5 followed the OECD Direction No. 203 and Methodical Manual ISO 7346/2. Juveniles of common carp (Cyprinus carpio L.) 9.9 ± 1.19 g in mean body weight and 72.6 ± 3.61 mm mean body length were used for the test. Seven various concentrations and a control were used in the basic test. Ten fish specimens were used for every concentration and also in the control. The test was performed semistatically for 96 h. The bath was changed every 24 h. Basic physical and chemical indices of diluting water used in the acute toxicity test were as follows: pH 7.80; ANC 4.5 (alkalinity) 1.05 mmol.l -1 ; BNC 8.3 (acidity) 0.03 mmol.l -1 ; COD Mn 1.0 mg.l -1 ; NH 4 + + NH 3 0.1 mg.l -1 ; NO 3 -11.6 mg.l -1 ; NO 2 -0.015 mg.l -1 ; PO 4 3-0.01 mg.l -1 ; sum of Ca + Mg 14 mg.l -1 . Water temperatures in the test ranged from 19 to 21 °C, oxygen saturation of water ranged between 70 and 100 %. The LC50 and LC5 values in the respective time intervals were determined by probit analysis.
Haematological examination of one-to-two-year-old common carp (Cyprinus carpio L.) was performed at the end of 96 h acute toxicity test with Decis flow 2.5 in concentration of 0.13 mg.l -1 . At the same time, the control group of common carp was examined haematologically. The test was performed semistatically with the bath exchanged every 24 h. Diluting water had the same physical and chemical parameters as described above. Water temperatures during the test ranged from 21.0 to 21.8 °C, oxygen saturation of water was above 60 % (ranging from 90 to 110 %), pH ranged from 7.6 to 7.8. The test was performed in 6 aquaria 200 l in volume. Each aquarium was stocked with 10 specimens of one-to two-year-old common carp (2 control aquaria, 4 aquaria with Decis flow 2.5 in concentration 0.13 mg.l -1 ).
Examination of erythrocyte and leukocyte profile was carried out on 15 control (body weight 165 ± 49.8 g) and 28 experimental specimens (body weight 183 ± 42.0 g) after 96 h exposure to concentration of 0.13 mg.l -1 Decis flow 2.5.
Blood was sampled from the caudal vessels and stabilized by 50 IU sodium heparin per 1 ml blood. Erythrocyte count (RBC), haematocrit (PCV), haemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), leukocyte count (Leuko), differential leukocyte count and plasma total protein were determined in the blood samples (Svobodová et al. 1991) . Results were processed statistically by analysis of variance (ANOVA).
Results

Acute toxicity
The LC50 and LC5 values of Decis flow 2.5 for common carp juveniles in the respective time intervals are given in Fig. 1 . The 96hLC50 is the basic value in the acute toxicity test. For common carp juveniles the 96hLC50 value was 0.058 mg.l -1 of Decis flow 2.5 preparation, which corresponds to 0.00145 mg.l -1 of deltamethrin.
In the course of deltamethrin poisoning in carp, the following clinical symptoms were observed: accelerated respiration, loss of movement coordination, fish lay-down at their flank and are moving in this position. Subsequent short excitation stage (convulsions, jumps above the water surface, movement in circles) changes into a resting stage, and an other short-time excitation follows again. In the end, fish fall into damp, move mainly at their flank. Respiration is slowed down, the damp phase and subsequent agony are very long.
Pathoanatomical changes in carp poisoned with deltamethrin were not marked. Compared with control fish, hyperemia and gills turning deep purple were observed.
Haematological profile
Results of erythrocyte profile of the control and experimental common carp under study are given in Fig. 2 and Table 1 . Compared to the control specimens, those after the acute The results of examinations of the white blood picture of control and experimental carp, K 1-2 , are given in Fig. 3 and Table 2 . Following the acute effect of deltamethrin, the values of total leukocyte count and relative as well as absolute counts of lymphocytes, monocytes, neutrophil granulocytes and their developmental forms were comparable in the control and experimental groups.
A comparison of values of total protein content in the blood plasma of control and experimental carp is given in Fig. 2 . The experimental carp exposed to acute effects of the deltamethrin-based pesticide showed a significantly (p < 0.01) decreased concentration of total protein in blood plasma. 
Discussion
In the course of 96 h toxicity test of deltamethrin-based pyrethroid preparation Decis flow 2.5 on common carp juveniles, there was no mortality of fish in the control aquarium. Oxygen saturation of water did not drop below 60 % in any concentration tested, nor in the control group. Presence of the substance tested (above 80 % of the nominal concentration) was provided by means of daily exchange of the testing bath. On the basis of the observed value of 96hLC50 (0.058 mg.l -1 ), the preparation Decis flow 2.5 can be included in the group of substances that are highly toxic for fish: the risk sentence R50 states the values of 96hLC50 less than 1 mg.l -1 . The value of 96hLC50 for Decis flow 2.5, 0.058 mg.l -1 , essentially corresponds to 0.00145 mg.l -1 deltamethrin. The values observed by us are in agreement with those reported by other authors who have determined the toxicity of deltamethrin for various species of fish. Haug and Hofman (1990) report the mean lethal toxicity for various fish species in laboratory conditions as varying between LC50 0.001 and 0.01 mg.l -1 , Golow and Godzi (1994) state the value LC50 0.0037 mg.l -1 for giebel carp and LC50 0.008 mg.l -1 for Lepomis macrochirus. Srivastava et al. (1997) report LC50 0.00186 mg.l -1 for Heteropneustes fossilis, Gangolli et al. (1999) report the values of 96hLC50 for carp, rainbow trout, cichlids and sunfish as varying between 0.0005 and 0.0018 mg.l -1 .
The main haematological response of carp to the acute effect of the deltamethrin-based preparation at a 0.13 mg.l -1 concentration was a significant (p < 0.01) decrease in erythrocyte count, haematocrit, haemoglobin content and total protein content in blood plasma, compared to the control group. Rabindra-Nath and Banerjee (1996) report a decrease in total leukocyte count and neutrophil granulocyte count in Heteropneustes fossilis following poisoning with cypermethrin. Similar changes in the white blood picture are also reported by Sopinska and G u z (1998) in carp following acute poisoning with permethrin. After a prolonged poisoning of common carp with permethrin, Sopinska et al. (1995) observed increased neutrophile granulocyte count and monocyte count, decreased metabolic Table 2 Leukocyte differencial count (G/l) in common carp affected by acute exposure to Decis flow 2.5 activity of neutrophil granulocytes and lysozyme in blood plasma. Campana et al. (1999) point out the genotoxic effect of lambda-cyhalothrin, revealed by an erythrocyte micronuclear test in Cheirodon interruptus interruptus.
Vliv deltamethrinu na hematologické ukazatele kapra (Cyprinus carpio L.)
Cílem práce bylo zhodnotit úãinek deltamethrinu [(S)-a -cyano-3-fenoxybenzyl (1R,3R)-3-(2,2-dibromvinyl)-2,2-dimethylcyklo-propankarboxylat] na kapra obecného (Cyprinus carpio L.). Úãinek byl posuzován na základû v˘sledkÛ testu akutní toxicity a na základû porovnání v˘sledkÛ hematologického vy‰etfiení kontrolní a pokusné skupiny vystavené pÛsobení pesticidního pfiípravku Decis flow 2.5 (úãinná látka 25 g.l -1 deltamethrinu). Test akutní toxicity byl proveden semistatick˘m zpÛsobem po dobu 96 hod. na plÛdku kapra. Hodnota 96hLC50 pfiípravku Decis flow 2.5 byla 0,058 mg.l -1 . Vy‰etfiení ãerveného a bílého krevního obrazu bylo provedeno u 15 kusÛ kontrolních K 1-2 a u 28 kusÛ K 1-2 po 96 hodinovém pÛsobení pfiípravku Decis flow 2.5 v koncentraci 0,13 mg.l -1 . U pokusné skupiny kaprÛ K 1-2 byly zji‰tûny signifikantnû niÏ‰í hodnoty (p < 0,01) poãtu erytrocytÛ (RBC), obsahu hemoglobinu (Hb), hematokritu (PCV) a celkov˘ch bílkovin v krevní plazmû (TP) ve srovnání s kontrolní skupinou. Hodnoty MCV, MCH a MCHC byly u pokusné a kontrolní skupiny srovnatelné. RovnûÏ hodnoty celkového poãtu leukocytÛ a relativního a absolutního poãtu lymfocytÛ, monocytÛ, neutrofilních granulocytÛ a jejich v˘vojov˘ch forem u kontrolní a pokusné skupiny byly srovnatelné. Pesticidní pfiípravek na bázi deltamethrinu Decis flow 2.5 byl zafiazen mezi látky silnû jedovaté pro ryby. Na základû zmûn ãerveného krevního obrazu a zmûn koncentrace celkov˘ch bílkovin v krevní plazmû po pÛsobení pfiípravku na bázi deltamethrinu lze usuzovat na moÏnost poruchy krvetvorby a proteosyntézy.
